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ABSTRACT 

Rooted  stem  cuttings  of  squab)  carpet  fCeanothus  prostratus 
Benth. )  were  planted  on  a  number  of  natural  and  manmade  harsh 
sites  from  southern  Utah  to  central  Idaho.    Fercent  survival  and 
growth  data  indicate  that  this  species  supports  considerable 
genetic  variation  among  individual  plants.    Also,  squaw  carpet  ts 
incapable  of  competing  with  native  vegetation  and  so  is  best  used 
as  a  pioneer  plant  on  particularly  severe  "harsh"  sites.    It  %s 
recommended  that  squaw  carpet  be  planted  in  well-aerated  and  well- 
drained  soils,  preferably  of  granitic  origin.     Because  this  speczes 
is  capable  of  supporting  nitrog en- fixing  micro-organisms  in  root 
nodules,  it  can  be  expected  in  time  to  improve  the  mineral  nutrxents 
of  harsh  sites.     This  contention  is  substantiated  by  the  fact  that 
mulching  and  fertilizing  treatments  did  not  improve  survival  or 
growth  of  squaw  carpet. 

In  the  Intermountain  Region  of  the  Western  United  States  many  high-elevation 
mountain  slopes  and  drainage  channels  are  the  watersheds  above  population  centers  and 
important  recreation  areas.     Extensive  logging  and  overgrazing  have  left  many  of  these 
slopes  severely  eroded  and  sparsely  vegetated.    As  a  result,  these  areas  are  potentially 
destructive  in  terms  of  soil  erosion  and  overland  water  flow.     Attempts  to  rehabilitate 
denuded  areas  by  means  of  revegetation  have  been  marginally  successful  at  best,  primarily 
because  the  plant  species  used  were  physiologically  unadapted  to  severe  microenviron- 
ments.    Denuded  slopes  that  persist  as  potentially  dangerous  erosion  and  runoff  hazards 
due  to  severe  environmental  conditions  are  referred  to  as  "harsh"  sites.    This  paper 
discusses  the  potential  suitability  of  squaw  carpet  [Ceanothus  prostratus  Benth..)  for 
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the  revegetation  of  such  harsh  sites.    This  paper  also  represents  the  first  phase  of  a 
joint  effort,  centered  both  at  Logan  and  Reno,  to  research  the  physiology,  ecology,  and 
possible  uses  of  squaw  carpet  for  revegetation  in  the  Intermountain  Region. 

Ideally,  a  suitable  species  for  revegetation  of  harsh  sites  would  be  both  physio- 
logically adapted  to  the  environment  and  morphologically  suitable  in  terms  of  providing 
adequate  ground  cover.     Such  a  plant  would  be  capable  of  producing  an  extensive,  but 
deep,  root  system  and  the  above-ground  shoots  necessary  for  a  thick  ground  cover.  More 
specifically,  the  ideal  plant  would  be  capable  of  reproducing  both  sexually  and  vegeta- 
tively,  of  spreading  laterally  over  the  slope  surface,  and  of  producing  roots  from  its 
lateral  layering  branches.     Such  a  plant  should  also  be  capable  of  vigorous  growth  in 
infertile  dry  soils  and  be  unpalatable  to  livestock  and  game. 

Although  not  necessarily  ideal,  squaw  carpet  does  appear  to  meet  many  of  these 
criteria.     Squaw  carpet  is  a  prostrate,   low-growing,  woody  shrub  that  supports  exten- 
sive, trailing  lateral  branches  that  root  at  the  nodes  when  in  contact  with  the  soil. 
Single  plants  form  dense  mats,  5    to  20  cm.  high  and  as  much  as  3m.  or  more  in  diameter. 
Its  native  range  extends  south  from  the  Cascades  in  Washington  and  Oregon  to  the  Sierra 
Nevada    in  California  and  western  Nevada  (Hitchcock  et  al.   1961).     It  is  found  primarily 
in  the  drier  forest  types  under  ponderosa  pine  stands  and  is  often  associated  with  chap- 
arral.    In  its  native  range,  squaw  carpet  forms  isolated  mats  on  the  forest  floor.  These 
mats  may  intermingle  and  grow  together,  forming  a  dense,  extensive  ground  cover.  Within 
the  native  range,  a  great  deal  of  genetic  variation  occurs  among  individual  plants 
(e.g.,  adjacent  plants  show  distinct  phenotypic  differences  in  terms  of  shape,  color, 
and  leaf  size) . 

Squaw  carpet  is  found  primarily  on  coarse  granitic  soils  in  the  Sierra  Nevada. 
It  extends  over  an  elevational  range  of  about  3,500  to  8,500  feet   (1,065  to  2,600  m.) 
and  occupies  dry  to  mesic  forest  sites.     Although  Dunning   (1925)  felt  that  squaw  carpet 
was  not  a  particularly  drought-tolerant  species,  it  does  develop  both  a  fibrous,  spread- 
ing root  system  and  a  deep  taproot  system. 

Squaw  carpet  supports  nitrogen-fixing  actinomycete  fungi  in  root  nodules  (Stewart 
1967).     For  this  reason,  it  appears  to  be  capable  of  vigorous  growth  on  infertile  soils 
and  of  providing  a  suitable  microenvironment  for  the  establishment  of  other  woody  and 
herbaceous  species.     Delwiche  et  al.   (1965)  measured  the  nitrogen-fixation  rate  of  squaw 
carpet  to  be  93.0  nanomoles/per , gram  of  fresh  tissue  per  hour.    However,  they  point  out 
that  the  maximum  could  be  higher,  since  their  experimental  conditions  were  not  optimal. 
They  speculated  that  Ceanothus  shrubs  can  contribute  about  60  kg.  nitrogen  per  hectare 
(53.5  pounds  per  acre)  per  year.     Wollum  and  Youngberg   (1964)  found  that  snowbrush 
{Ceanothus  velutinus  Dougl.)  plants  were  able  to  fix  a  minimum  of  35  p. p.m.  of  N,  which 
later  became  available  for  growth  of  other  plant  species.     Other  species,  such  as  pon- 
derosa pine,  woody  shrubs,  and  grasses,  apparently  have  little  difficulty  growing  up 
through  the  canopy  of  squaw  carpet  mats.     In  addition,  squaw  carpet  tends  to  die  back 
when  crowded  by  other  developing  vegetation;  therefore,  it  is  not  believed  to  be  a 
highly  competitive  species. 

Although  a  detailed  ecological  study  of  the  life  history  of  squaw  carpet  has  not 
been  completed,  its  ecology  on  the  east  slope  of  the  Sierra  Nevada  has  been  investiga- 
ted (Skau  et  al.   1970,  Townsend  1966).     Squaw  carpet  appears  to  be  stimulated  by  fire 
(Townsend  1966)  and  is  often  the  first  woody  species  to  move  back  into  a  burned  area. 
It  does  not. sprout  easily  and  its  root  crown" is  relatively  near  the  surface  (Townsend 
1966).    Germination  of  untreated  seed  is  low,  usually  less  than  5  percent.  However, 
Frolich  (1967)  found  that  various  vigorous  treatments  (e.g.,  boiling  in  water  or 
soaking  in  acetone),  greatly  increased  the  germination  percentage.     Ruf4  found  that 
germination  can  be  increased  to  50  percent  or  more  by  boiling  and  stratifying  seed, 
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then  by  soaking  seed  in  gibberellic  acid,  and  finally  in  thiourea.    The  presence  of  a 
:h-emical  inhibitor  was  suspected  and  Frolich  et  al.5  attempted  to  isolate  this  com- 
pound.    They  concluded  that  successful  germination  is  dependent  on  the  removal  or 
destruction  of  the  inhibiting  material  by  soaking  the  seed  in  acetone  for  5  minutes  or 
by  boiling  the  seed  in  water.     Either  treatment  should  be  followed  by  stratification  at 
10°  C.  for  60  days  or  more. 


METHODS 

All  of  the  plants  used  in  this  study  were  propagated  from  stem  cuttings  of  squaw 
pjrpet  collected  in  midsummer  from  a  large  number  of  plants  native  to  the  Sierra  Nevada 
near  Reno,  Nevada.     The  cuttings  were  taken  from  the  current  year's  leader  growth  and 
were  usually  about  15  to  20  cm.   long.     The  leaves  were  stripped  off  the  basal  5  or  6  cm. 
and  the  stem  tip  dipped  in  llormodin  No.   3  (indolebutyric  acid).6    The  cuttings  were 
rooted  in  perlite  on  a  laboratory  mist  bench  at  the  University  of  Nevada.  Usually, 
ab^ut  4  weeks  were  required  before  root  formation  could  support  the  plant.     The  cuttings 
were  then  transplanted  to  4.5-  by  20.3-cm.    (1-3/4-  by  8-inch)  asphalt -paper  tubes  con- 
taining a  Cornell  mix.     The  plants  were  allowed  to  grow  in  a  shaded  portion  of  the 
greenhouse  through  the  summer  and  to  overwinter  outdoors,  where  they  remained  dormant 
until  the  following  spring.     During  the  late  spring,  the  plants  were  transported  to  the 
virious  planting  sites  throughout  the  Intermountain  Region. 

Planting  sites  were  chosen  in  a  number  of  locations  throughout  the  Intermountain 
Region,  from  southern  Utah  to  central  Idaho  (fig.  1).  Only  harsh  sites  that  exhibited 
severe  environmental  conditions  were  selected.  These  included  exposed  natural  slopes, 
road  cuts  and  fills,  logged  or  overgrazed  slopes,  and  strip  mine  tailings.  Except  for 
high-elevation  meadows  or  unlogged  areas,  all  sites  were  free  of  competing  vegetation. 
Table  1  summarizes  the  topographical  characteristics,  the  number  of  plants  planted, 
and  the  year  of  planting  for  each  site  at  each  location. 

The  southernmost  planting  location  is  on  the  Dixie  National  Forest  in  southern 
Ut?h,  just  west  of  Bryce  Canyon  National  Park  along  the  East  Fork  of  the  Sevier  River. 
mis  area  occupies  a  portion  of  the  Paunsaugunt  Plateau  and  is  characterized  by  steep 
breaks  and  many  open  bare  slopes  surrounded  by  ponderosa  pine  forests.    The  striking 
red  color  of  the  geological  material  in  this  area  is  responsible  for  the  name  "Pinks" 
[applied  to  these  bare,  open  slopes.     Two  natural  slopes,  a  road  cut,  and  two  manmade 
jscraped  areas  adjacent  to  a  reservoir  were  planted. 

,  *    The  Wasatch  Plateau  location  occupies  a  portion  of  a  large  subalpine  plateau  on 
the  Wasatch  Mountains  in  central  Utah.     This  location,  which  has  a  long  history  of  sheep 
grazing,  is  an  important  watershed  to  several  small  population  centers  at  the  base  of 
the  mountains.     A  steep  side  wall  of  a  deep  erosion  channel,  a  meadow,  an  exposed  rocky 
ridge,  and  a  subalpine  flat  on  the  top  of  the  plateau  were  planted,  all  at  elevations 
greater  than  9,900  feet. 


5M.  Frolich,  R.  H.  Ruf,  Jr.,  and  Paul  E.  Packer.     Germination  inhibition  in  seed 
of  Ceanothus  prostratus  Benth.     (USDA  Forest  Serv.  Res.  Note  INT-        ,  in  preparation.) 

6The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is  for  the 
information  and  convenience  of  the  reader.     Such  use  does  not  constitute  an  official 
endorsement  or  approval  by  the  U.S.  Department  of  Agriculture  of  any  product  or  service 
*o  the  exclusion  of  others- which  may  be  suitable. 
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Figure  1. — Map  of  a  portion  of  the  Intermoun- 
tain  Region  showing  planting  locations  (k) 
of  squaw  carpet  in  Utah  and  Idaho. 


PANGUITCH 


o 

A.  DIXIE  N. 


4 


Table  l.~a«»  of  plot  location,  topographic  characteristics,  and  wife,  V  rooted 
cuttings  planted  by  year 


Elevation     :  Exposure    :  Slope 


Soil 


Degrees 


Number  :  Year 
of  plant s :  planted 


Scraped  1 
Natural  1 
Road  cut 
Natural  2 
Scraped  2 


Meadow 
Channel-cut 

Ridge 

Alpine  flat 


7,920 
9,300 
7,890 
8,020 
7,920 


DIXIE  NATIONAL  FOREST 

East  5  Gravelly  clay 

slm  22  Gravelly  clay 

N7SW  J6  Silty  clay 

South  26  Gravelly  clay 

East  5  Gravelly  clay 


WASATCH  PLATEAU 


9,900 

NS0W 

8 

10.0S0 

S40E 

27 

10,230 

NS0W 

8 

10,260 

S5E 

13 

Clay 

Silty  clay 

Clay-silt 

Clay 


100 
100 
100 

736 
736 


100 
95 


1966 
1966 
1966 
1967 
1967 


196S 
1966 
1966 
1966 


Road  cut 
Chicken  Creek 
Trench 


8,400 

7,600 
9,000 


DAVIS  COUNTY  EXPERIMENTAL  WATERSHED 
S6SW  35  Sandy  loam 

S45W  30  Silt  loam 

Silt  loam 

LOGAN  PEAK 
SIDE  30  Silt  loam 


100 
100 
100 


1966 
1966 
1966 


Cliff  base 
Lower  road 
Road  fill 
Road  bed 
Scraped 
Fill  top  1 
Fill  top  2 


Uoad  fill  1 

Logged 
Untagged 
Road  bed  1 
Road  bed  2 
Road  fill  2 
Road  fill  3 
Road  fill  4 
Road  fill  s 


6.5S0 
6,310 
6,670 
6,670 
6,670 
6,700 
6,680 


4,6110 

4,680 
4,670 
4,790 
4,790 
4,400 
4,600 
4,800 
4,410 


S22W 
South 

N60W 

S47W 
N8SW 
S10W 


BALLARD  MINE 
13 
9 
41 

14 

3 
6 

ZKNA  CREEK 


West 

S40L 
S30U 
N60E 
S7SW 
S30E 
West 
S60W 
S30E 


Gravel 

Clay  loajn 

Gravel 

Gravel 

Sandy  silt 

Gravel 

Gravel 


Decomposed 
granite 

do. 

do. 

do. 

do. 
do. 
do. 
do. 
do. 


50 
50 
50 
50 
50 


100 
100 
99 
99 
100 
99 
100 
736 
5,130 


1966 
1966 
1966 
1966 
1966 
1966 
1967 


1965 

I96S 
1965 
1966 
1966 
1966 
1966 
1966 
1967 
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erosion,  and'are  offensive  scars  on  the  7 d>  rePrese"!,P<>tential  sources  of  extensive 
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were  usually  established  at  each  site  (table  1).     Each  plot  was  about  20  feet  long  on 
a  side  and  covered  an  area  of  about  400  square  feet.     Holes  were  just  large  enough  to 
accommodate  the  asphalt  tube.     The  tube  containing  the  plant  was  inserted  and  the  soil 
packed  around  the  tube  to  provide  firm  contact  between  the  soil  and  the  tube  containing 
the  root  system.     The  second  planting  technique,  used  during  the  1967  planting  season, 
involved  various  site  pretreatments ,  including  mulching  and  fertilizing,  and  an 
untreated  control  to  evaluate  effects  on  squaw  carpet  survival.    Seven  treatments  and 
a  control  were  used: 


1.  --Control  (no  site  treatment). 

2.  --Plastic  mulch  (clear,  0.004-inch-thick  plastic  film  over  the  surface). 

3.  --Burlap  mulch. 

4.  --Fertilizer  (200  lbs.  N,  20.8  lbs.  phosphorus,  and  41.5  lbs.  potassium, 

per  acre,  as  12-6-6). 

5 .  --Jute-straw  mulch  (straw  covered  by  jute  netting). 

6.  --Plastic  mulch  +  fertilizer. 

7.  --Burlap  mulch  +  fertilizer. 

8.  --Jute-straw  +  fertilizer. 

The  asphalt  tubes  were  removed  from  all  plants  planted  in  the  1967  season. 

Each  plot  treatment  was  replicated  twice  for  each  of  two  planting  intensities:  (1) 
plants  spaced  on  1-foot  centers    and   (2)  plants  spaced  on  2-foot  centers.     Thus,  at 
each  planting  site  there  were  16  plots  for  each  planting  intensity,  or  a  total  of  32 
plots.     In  the  1-by  1-foot  planting-intensity  plots,  28  plants  were  used  and  in  the  2- 
by  2-foot  planting-intensity  plots,  18  plants  were  used.    At  each  of  the  locations 
planted  in  1967,  736  plants  were  established. 

After  planting,  survival  data  were  collected  at  various  times  for  several  years. 
Only  live  plants  were  counted  and  survival  has  been  expressed  as  a  percentage  of  the 
total  number  of  plants  originally  planted  in  each  plot. 


RESULTS 

The  percent  survival  over  two  planting  seasons  (1965  and  1966)  was  generally  low 
at  all  locations  (table  2).     By  the  fall  of  the  1970  growing  Reason,  all  plants  in  Utah 
had  died  and  only  7.3  and  20.9  percent  remained  alive  at  Ballard  Mine  and  Zena  Creek, 
respectively.     At  all  locations,  the  severest  mortality  occurred  during  the  first  grow- 
ing season  after  planting.     At  the  Utah  locations   (Dixie  N.F.,  Wasatch  Plateau,  Davis 
County  Experimental  Watershed,  and  Logan  Peak),  survival  declined  each  succeeding  year 
and,  in  most  cases,  all  plants  died  within  2  to  3  ysars  following  planting. 

On  the  Dixie  National  Forest,  the  primary  cause  of  mortality  appeared  to  be  summer 
drought.     Each  season  after  planting,  plants  appeared  to  be  subjected  to  extreme  drying 
conditions;   leaves  turned  a  yellowish  color  and  became  brittle.     No  evidence  of  grazing, 
insect  attack,  or  frost  heaving  was  found.     Only  one  plant  survived  through  the  1969 
growing  season. 
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Table  2 . - -Average  percent  survival  of  squaw  carpet  for  each  successive  year  following 

1965  and  1966  plantings 


Year 

Location 

1966 

:  1967 

:       1968  : 

1969  : 

1970 

Dixie  N.F.  18.0  7.3  0.3  0.3  0 

Wasatch  Plateau  7.3  .8  0  0  0 

Davis  County  19.0  3.0  0  0  0 

Logan  Peak  0  0  0  0  0 

Ballard  Mine  56.0  25.7  16.3  8.0  7.3 

Zena  Creek  30.9  28.4  28.4  25.3  20.9 


At  the  Wasatch  Plateau  and  Logan  Peak  locations,  mortality  resulted  primarily  from 
gopher  activity  and  heavy  sheep  trampling.     None  of  the  plants  survived  longer  than  2 
years.     On  Logan  Peak,  all  plants  died  during  the  first  growing  season.  Apparently, 
gophers  attacked  the  root  systems  of  most  plants  by  burrowing  into  the  asphalt  tubes  and 
nipping  off  young  roots.     Many  of  the  plants  on  the  alpine  flat  location  on  the  Wasatch 
Plateau  and  on  Logan  Peak  were  severely  trampled  by  sheep.     However,  the  total  number 
of  plants  killed  by  trampling  represents  only  3.8  percent  of  the  total  number  of  plants 
established  in  this  study  (table  1). 

At  the  Davis  County  Experimental  Watershed,  gopher  activity  was  not  a  primary  cause 
of  mortality,  although  some  damage  was  noted.     A  number  of  factors  accounted  for  low 
survival  in  this  area  (e.g.,  drought,  frost  heaving,  and  slumping  of  loose  soil  from 
road  cuts).     At  all  Utah  locations  where  plants  were  planted  on  road  cuts  or  steep  loose 
soil,  a  certain  amount  of  mortality  occurred  when  plants  were  buried  after  slumping. 

At  the  Idaho  locations,  Ballard  Mine  and  Zena  Creek,  percent  survival  was  higher 
each  successive  year  after  planting  than  it  was  in  Utah.     The  two  main  causes  of  mortal- 
ity at  the  Ballard  Mine  were  drought  and  heavy  overland  water  flow  that  channeled 
through  the  plots  washing  out  the  plants.     At  Zena  Creek,  mortality  was  caused  by  slump- 
ing of  the  loose  granitic  slopes,  competition  from  annual  and  biennial  weeds,  and 
perhaps  drought.     At  this  location,  some  plots  were  located  on  natural,  undisturbed, 
or  logged-over  slopes  that  supported  relatively  dense  stands  of  native  vegetation;  so 
mortality  of  squaw  carpet  was  particularly  high. 

It  is  noteworthy  that  the  surviving  plants  at  Ballard  Mine  and  at  Zena  Creek  are 
now  beginning  to  show  significant  growth.     This  is  reflected  in  the  declining  rate  of 
mortality  at  both  of  these  locations   (table  2).     The  plants  are  now  beginning  to  develop 
deep,  extensive  root  systems  and  wide,  spreading  crowns.     Such  growth  is  most  evident  at 
Zona  Creek  where  squaw  carpet  now  provides  more  than  30  percent  ground  cover  on  some 
plots   (fig.  2).     Also,  the  root  systems  at  Zena  Creek  are  deep,  extensive,  and  support 
many  root  nodules.     No  significant  growth  was  made  by  any  of  the  Utah  plants  prior  to 
death  and  no  root  nodules  have  been  found  at  any  location  except  Zena  Creek.     At  the 
Zena  Creek  location,  particularly  on  the  loose  granitic  road-fill  slopes,  squaw  carpet 
is  now  beginning  to  contribute  significantly  to  slope  stabilization.     On  several  such 
sites,  mats  of  squaw  carpet  are  effectively  forestalling  soil  washouts.     In  some  cases, 
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Figure  2. — A  photograph  shows  the 
prostrate  growth  habit  of  squaw 
carpet  on  a  granitic  slope  at 
Zena  Creek 3  Idaho.    At  this 
location,  squaw  carpet  provides 
about  30  percent  ground  cover 
after  4  years  of  growth. 


where  several  plants  have  formed  solid  mats  several  feet  across  and  10  or  12  feet  long, 
the  plants  appear  to  be  occupying  mounds  of  stable  soil.    The  bare  slope  around  the 
outer  edges  of  these  mounds  has  been  visibly  eroded  and  deeply  channeled.     Thus,  the 
plants  appear  to  be  effectively  reducing  soil  erosion. 

The  survival  of  the  1967  squaw  carpet  plantings,  involving  the  plot  treatments  and 
the  control  replicated  twice  for  each  of  two  planting  intensities,  was  relatively  low 
also.     The  survival  data  for  these  plantings  are  illustrated  in  figure  3  and  represent 
the  average  percent  survival  at  the  end  of  the  1970  growing  season.     The  data  in  figure 
3  were  averaged  for  the  two  planting  intensities  (1  by  1  foot  and  2  by  2  feet)  because 
there  was  no  apparent  difference  in  their  percent  survival.    The  high  mortality  rates  on 
both  the  Dixie  National  Forest  and  at  the  Ballard  Mine  reflect  both  the  influence  of 
drought  and  the  washing-out  of  the  plots  by  surface  water  flow  following  storms.  The 
gravelly  clay  soils  on  the  Dixie  National  Forest  sites  became  extremely  dry  during  the 
summer  months  and  drought  was  the  main  reason  for  the  high  mortality  rate.  Survival  was 
highest  on  plots  that  had  been  treated  with  either  plastic  fertilizer  or  burlap  fertil- 
izer mulch  treatments.    However,  after  four  growing  seasons,  the  survival  on  these  plots 
was  not  over  4  percent.     Average  percent  survival  of  all  plots  on  the  Dixie  National 
Forest  was  only  1.6  percent.     At  the  Ballard  Mine,  survival  was  somewhat  better,  partic- 
ularly on  the  mulched  and  fertilized  plots.     The  highest  survival  (6.9  percent)  was 
reached  on  the  jute-straw-fertilized  plots.     However,  extreme  channeling  disrupted  many 
plots  and  was  a  main  reason  for  mortality.     An  average  of  only  2.3  percent  of  the  plants 
survived  through  the  1970  growing  season. 

The  most  significant  results  were  recorded  at  the  Zena  Creek  location,  where  an 
average  of  14.1  percent  of  the  1967  plantings  survived  through  the  1970  growing  season. 
The  data  illustrated  in  figure  3  show  that  the  highest  percent  survival  was  reached  on 
the  control  plots  (.39.9  percent)  and  the  lowest,  on  the  jute-straw-fertilized  plots 
(4.9  percent).     The  data  indicate  that  the  more  intensive  the  treatment,  the  lower  the 
percent  survival.     Competition  appears  to  be  the  primary  cause  of  mortality  on  these 
plots.     Within  one  growing  "season  after  planting,  treated  plots  were  rapidly  invaded 
by  annual  and  biennial  plants,  but  control  plots  remained  relatively  free  of  competing 
vegetation.     Percent  survival  on  mulched  and  fertilized  plots  decreased  rapidly  in 
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Figure  3. — Average  percent  survival 
of  the  1967  squaw  oar-pet  plantings 
for  each  location  and  plot  treat- 
ment.   The  data  of  the  two  plant- 
ing intensities  (1  by  1  foot  and 
2  by  2  feet)  were  averaged. 
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succeeding  years,  a  reflection  of  increasingly  severe  competition.    Also,  squaw  carpet 
plants  on  the  control  plots  have  grown  more  than  those  on  treated  plots  and  after  four 
growing  seasons  provide  about  15  percent  ground  cover.     Squaw  carpet  provides  less  than 
5  percent  cover  on  treated  plots  after  the  same  period  of  time. 

Squaw  carpet  produced  flowers  and  seeds  only  at  the  Zena  Creek  location.  The 
1965  and  1966  plantings  produced  a  profusion  of  flowers  and  seeds  in  June  and  July  of 
both  1969  and  1970.    The  1967  plantings  flowered  for  the  first  time  in  1970.     Thus,  it 
appears  that  about  four  growing  seasons  following  planting  are  required  for  squaw  car- 
pet to  flower  in  this  area. 

DISCUSSION 

Although  the  overall  survival  of  sqUaw  carpet  was  low,  the  plantings  at  the 
Ballard  Mine  and  particularly  at  Zena  Creek  are  considered  successful.     The  percent 
survival  data  for  those  two  locations  are  somewhat  misleading  because  they  do  not 
adequately  illustrate  the  vigorous  growth  of  the  surviving  plants.     In  fact,  the  authors 
feel  that  percent  survival  data  for  these  squaw  carpet  plantings  are  no  longer  truly 
relevant  and  that  percent  ground  cover  and  growth  should  be  the  main  criteria  of  rela- 
tive success  for  these  plots.     The  significance  of  these  criteria  is  illustrated  by 
the  fact  that  in  its  natural  range  squaw  carpet  is  an  endemic  plant  and  restricted  to 
a  rather  narrow  geographical  range.     Study  plants  were  planted  several  hundred  miles 
east  of  their  natural  range  on  harsh  environmental  sites  and  yet  many  of  them  have 
grown  vigorously  and  are  contributing  to  slope  stabilization.     At  the  Zena  Creek  loca- 
tion, plants  have  successfully  flowered  and  produced  seed. 

One  of  the  most  striking  observations  made  during  this  study  was  of  the  degree  of 
phenotypic  variation  among  squaw  carpet  plants.     Morphologically  this  variation  is 
obvious  when  gross  differences  in  size,  color,  and  leaf  shape  exist  between  different 
plants.    This  variation  probably  is  of  genetic  origin,  but  no  quantitative  data  were 
collected  to  substantiate  this  supposition.     However,  variation  is  common  throughout 
the  plant's  natural  range  and  is  readily  noted  between  adjacent  plants  growing  in  the 
same  microenvironment  (fig.  4).     The  two  plants  shown  in  that  figure,  natives  growing 
in  Nevada  on  the  east  slope  of  the  Sierra  Nevada,  show  distinct  phenotypic  differences. 
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Figure  4. — A  photograph  of  two  adjacent  squaw  carpet  plants  that  display  different 
phenotypic  characteristics .     These  two  plants  are  growing  in  Nevada  in  their 
native  habitat  on  the  east  slope  of  the  Sierra  Nevada. 

Phenotypic  variation  is  also  obvious  at  Zena  Creek  among  the  study  plants  and 
strongly  suggests  genetic  variation  among  the  squaw  carpet  cuttings.    Certain  rows  of 
plants  in  the  1966  planting  plots  were  planted  with  rooted  cuttings  originally  cut  from 
the  same  mother  plant.     In  some  cases,  entire  rows  of  such  plants  died  without  showing 
growth  within  one  growing  season  after  planting.     However,  plants  in  an  adjacent  row  2 
feet  away  that  were  taken  from  another  mother  plant  grew  vigorously  and  eventually 
flowered  and  produced  seed.     These  vigorously  growing  plants  have  spread  laterally  into 
the  adjacent  rows  of  dead  plants,  have  rooted  from  lateral  branches,  and  are  continuing 
to  grow.     Thus,  it  appears  that  the  dead  plants  were  from  physiologically  unadapted 
mother  plants  and  that  genetic  variation  is  indeed  an  important  consideration  for  future 
selection  of  planting  stock. 

It  is  possible  that  a  great  deal  of  the  mortality  experienced  at  the  Idaho  loca- 
tions can  be  explained  in  terms  of  unadapted  genotypes.     A  large  number  of  stem  cuttings 
were  taken  from  the  surviving  plants  at  Zena  Creek  during  July  1970    and  were  rooted 
in  a  mist  bench  with  about  90  percent  success.     Some  of  these  plants  will  be  used  in 
future  back-planting  experiments  at  Zena  Creek. 

At  the  Utah  locations,  however,  the  influence  of  severe  environmental  stress 
obviously  concealed  the  survival  abilities  of  different  squaw  carpet  genotypes.  At 
these  locations,  the  harsh  environmental  conditions  represent  completely  dissimilar 
habitats  from  those  in  the  Sierra  Nevada.     In  particular,  cyclic  weather  patterns, 
vegetation  types,  soils,  and  parent  materials  in  southern  Utah  are  unrelated  to  those  of 
the  Sierra  Nevada.    Therefore,  an  evaluation  of  different  genotypes  would  be  unrealistic 
under  these  conditions. 

Squaw  carpet  apparently  has  its  highest  survival^ and  makes  its  best  growth  in 
loose,  coarse-textured  soils  that  are  well  aerated  and  well  drained.     Coupled  with 
this  is  its  ability  to  grow  well  in  infertile  soils  due  to  its  symbiotic  relationship 
with  uctinomycetes  and  the  resultant  buildup  of  nitrogen  in  the  soil.    There  may  be  a 
direct  relationship  between  well-aerated  soil  and  the  ability  of  squaw  carpet  to  sup- 
port an  actinomycete  population.     Although  a  relationship  between  soil  type  and  root 
nodules  containing  nitrogen-fixing  organisms  has  not  been  established  for  squaw  carpet, 
nodules  were  formed  only  on  plants  in  granitic  soils,  even  though  none  of  the  plants 
had  been  pre- inoculated. 
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Squaw  carpet  appears  to  occupy  an  early  stage  of  successional  vegetation  develop- 
ment and  is  capable  of  vigorous  growth  on  sites  free  of  competing  vegetation.  This 
inability  to  compete  with  other  plants  may  relegate  use  of  squaw  carpet  to  revegetation 
of  slopes  denuded  of  native  vegetation  or  recently  disturbed.     For  the  most  part, 
data  from  the  1967  plantings  on  treated  plots  are  statistically  inconclusive.  However, 
data  from  Zena  Creek  do  substantiate  the  importance  of  competition;  plots  that  received 
mulch  and/or  fertilizer  were  rapidly  invaded  by  annual  and  biennial  plants  and  squaw 
carpet's  percent  survival  steadily  decreased  (fig.  3).     During  the  first  growing 
season  following  planting,  treated  plots  supported  lush  stands  of  native  forbs  and 
grasses    but  control  plots  remained  bare,  except  for  young  squaw  carpet  plants. 

From  these  observations,  several  interesting  speculations  about  squaw  carpet 
revegetation  can  be  made.     First,  care  should  be  taken  to  use  stock  from  physiologically 
adapted  genotypes  only.     Unfortunately,  our  experience  is  limited,  but  it  is  evident 
that  morphological  differences  alone  cannot  be  used  to  distinguish  between  adapted  and 
unadapted  types.     Second,  because  of  its  inability  to  compete  with  rapidly  invading 
species,  squaw  carpet  should  be  used  as  a  pioneer  plant  on  particularly  severe  harsh 
sites.     It  is  recommended  that  squaw  carpet  be  planted  on  well -aerated  and  well -drained 
soils,  that  the  plants  be  left  with  the  asphalt  tubes  around  their  root  systems,  and 
that  no  mulching  or  fertilizing  treatments  be  used.     Squaw  carpet  can  be  expected  to 
improve  the  microenvironment  over  a  period  of  time,  thus  encouraging  the  establishment 
of  a  stable  native  plant  cover.     This  contention  is  substantiated  on  the  Zena  Creek 
plots,  where  young  grasses,  forbs,  and  trees  are  beginning  to  grow  through  the  squaw 
carpet  canopy.    Third,  its  ability  to  grow  well  on  infertile  soils  can  be  particularly 
beneficial  on  severely  disturbed  sites.     Its  nitrogen-fixing  abilities  suggest  that 
squaw  carpet  is  an  excellent  pioneer  species. 

Certainly,  if  extensive  use  of  squaw  carpet  is  made  for  revegetation  of  harsh 
sites,  reproduction  and  planting  will  have  to  rely  on  seeding.     From  a  purely  economic 
standpoint,  planting  of  large  areas  with  rooted  cuttings  would  be  prohibitive.  However, 
the  use  of  rooted  cuttings  may  be  valid  and  advantageous  in  the  revegetation  of  small, 
critical  harsh  sites  on  road  cuts  and  fills  or  at  the  heads  of  important  watersheds. 
During  the  cotyledon  and  young  seedling  stage,  survival  under  field  conditions  can  be 
expected  to  be  much  lower  than  in  the  greenhouse.     With  rooted  cuttings,  however,  growth 
has  begun  and  a  well-established  root  system  is  an  advantage.     Research  on  squaw  carpet 
is  investigating:   (l'j  ways  of  improving  seed  germination  and  seedling  survival  and  (2) 
means  of  improving  survival  and  growth  of  rooted  cuttings.     Before  any  final  and  complete 
analysis  can  be  made,  an  extensive  amount  of  quantitative  physiological  research  on 
squaw  carpet  will  be  required. 
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